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Interacting boson-fermion model calculation of the level scheme
and electromagnetic properties of%%zr

S. Brant and V. Paar
Department of Physics, Faculty of Science, University of Zagreb, Zagreb 10000, Croatia

A. Wolf
Nuclear Research Center Negev, Beer-Sheva 84190, Israel
(Received 20 October 1997

A theoretical study of the®®Zr nucleus is presented. Energy levels, wave functions, and electromagnetic
rates were calculated in the framework of the interacting boson-fermion model and are compared to the
available data for low-lying states. In particular, we discuss the sensitivity af flaetor of the 3/ state to
the quenching of the spin gyromagnetic ratio and to the structure of the respective wave function.
[S0556-281®8)07208-2

PACS numbgs): 27.60:+j, 21.60.Fw, 21.10.Ky

In Ref. [1] the low-lying spherical states and electromag-from the previous calculation foP’Sr [1]. The dynamical
netic properties of thé=59 nucleus3;Sts, were described boson-fermion interaction strenglh was changed from the
in the framework of the interacting boson-fermion modelvaluel’y=0.5 MeV for ®/Sr toI",=0.8 MeV for °°Zr. This
(IBFM). The purpose of this Brief Report is to present aincrease ofl', causes a lowering of the first two excited
similar calculation for282r59, compare it with available ex- states. The value of the quadrupole strength parametsr
perimental data, and in particular with the recently reportedaken to be zero in the calculation f8PZr, in accordance
result for theg factor of the 3/2 state[2]. with the calculation of the energy spectrum.

It is well known that the theoretical approach to nuclear In Fig. 1 the calculated IBFM states of spherical type in
structure in the framework of the interacting boson model®°Zr are presented in comparison to the available experimen-
(IBM) [3], the interacting boson-fermion modéBFM) [4],  tal data. As in the case of tHé=59 isotone®’Sr, the wave
and the interacting boson-fermion-fermion moddFFM) function of the 1/2 ground state of%Zr is dominated by the

[5] is capable of treating even-even, odd-even, and odd-odg, , quasiparticle, while the 372 first excited state is of a
transitional nuclei, reSpeCtiVer. In this framework the StrUC'more Comp|ex character. Components of the latter wave
ture of some nuclei in th&=100 region was investigated in fynction larger than 1% are given in Table I, expressed in the
recent year$1,6—8§. In particular, twoN=59 isotones have hoson-fermion coupled basis:
been studied so fargSrse [1] and 33Y 5o [7]. In Ref. [1] it
was pointed out that the structure @fSrq and 37rs is
similar, with the coexistence of spéégrical an‘éiozdeformed |3/2I>=_ZI gjsr/]ivI“’ndvl;%)' (1)
states: the lowest-lying triplet of states 1/B/2, ,7/2; is of 1a
spherical character, while above 0.5 MeV there appear states . ] s o
of deformed nature. These deformed states were associated !N the basis statéj,nqvl;7) the quasiparticlg and the
with the[422] 3/2 and[541] 3/2 Nilsson orbitals. I?’Sr the ~ Ng d-boson statgngu!) of angular momenturh are coupled
lowest member of th¢541] 3/2 band was assigned to the to the total angular momentush Here,|ngul) denotes the
3/2" level at 644.7 keV and the lowest member of [4g2]  IBM basis statelngl,ng=N—ng;l), whereny d bosons
3/2 band to the 3/2 level at 585.1 keV. IP°Zr the possible andns s bosons are coupled to the total angular momentum
candidates for these two band heads are the 3®el at |- The quantityy denotes an additional quantum number, if
613.96 keV and the 3/2level at 724.30 ke\(8]. needed, which distinguishes tlikboson states having the
One of the main difficulties encountered in IBFM calcu- Same values of quantum numbexg. As seen from Table I,
lations in cases where sufficient experimental data is nothe wave function of the 3j2 state does not have a single
available is the relatively large number of parameters. Welominant component. The two largest components in the
approached this problem by considering the similarity of thd3/2] ) wave function are comparable: the quasiparticle state
low-lying states in *Zr and ®’Sr. Of all the interaction |q,, 00;3/2 (27.8% and the onet-boson multiplet state
strengths only the boson-fermion dynamical interaction Wag ased on thég- quasiparticle|§7,2,12;3/3 (27.4%. The

adjusted for*Zr. The other boson and quasiparticle paraM-gact that two components account for more than 50% of the

eters are taken the same as in the previous IBFM calculatioy, ¢ fynction is significant: it means that, within the limita-
for /Sr[1] with one modification: in Ref.1] it was assumed

hat the »d p X lotel od dtions of the present model, the state has a predominantly
that the vds, configuration was completely occupied and gypericql character—as opposed to deformed states, whose

thus it was omitted from tbe calculation, while in the present, .. o tnctions are expected to contain many different con-
calculation for %Zr the vds, quasiparticle was included, figurations, with no particular preference for any of them. A

with e(ds;)=1.3 MeV, v?(dg;,) =0.86. The values of the possible way to check this statement is by comparing experi-
boson-fermion interaction strengttds, and A, were taken mental values of observables of the 3/&ate to calculations
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FIG. 1. IBFM positive-parity levels calculated f8fZr (spectrum denoted by IBFMn comparison to available positive-parity states of
spherical naturgspectrum denoted by EXBPH]. For completeness the available experimental levels of possible rotational Habeled
EXP(DEFORMED)] are also presented. Possible members of the rotational ban@i5&/8 are assigned according to R¢¥]. The
assignment of the 658.06 keV, 761.5 keV, and 782.2 keV levels as spherical states, and the 724.30 keV and 851.89 keV levels as members
of the 3/2" [422] band is only tentative.

using the above wave function. We focus here on electroto the overall agreement with available data on electromag-
magnetic properties, and in particular on the magnetic monetic properties of four lowest-lying positive parity levels of
ment of this state, for which an experimental value was re°°Zr, assuming that the (3/2,5/2)level at 575.4 keV is
cently reported2]. 5/2*. (For definition of parameters in electromagnetic opera-
Employing the IBFM wave functions, the electromagnetictors see Ref[1].) The adjusted value foe"" is larger than
properties of the four lowest positive-parity states %fzr the value used in the previous calculation f8sr [1].
were calculated. The effective charges and gyromagnetic ra- As is well known[9-11], the quenching ofj, arises as a
tios, which are input parameters in the IBFM calculation,polarization effect associated with the presence of unsatur-
have been chosen as follows. The effective electric chargested spins in the closed shells, which can be partially aligned
were taken a®P=0.%,e"?=0.5 and the following gyro- by the interactions with the spin of the extra nucleon. A
magnetic ratios were usdth uy): rough overall estimate for this quenching given in Réfl]
iS 9o~ 3 gfsree. In previous boson-fermion calculations the
quenching ofgs was adjusted to the available experimental
values of magnetic dipole moments and transitions. In most
cases, such values lie in the rangg g™®~0.4-0.7. Thus,
the present value for quenching lies at the lower end of the

z
Or=4 =0.404, 0,=09*=0, g,=0.49"=—1.53,

1
gT=3—ngSree<r2>= -2.02. 2
TABLE Il. Comparison of experimental and calculated electro-
magnetic properties of four low-lying states itfZr. Effective
p . .
The values of parametereSiBgR and g, are standard, charges and gyromagnetic factors are adjusted to an overall agree-
while the values of parametees®, g andgr were adjusted  ent with all available data and assuming that the (3/2;5leyel

at 575.4 keV is 5/2.

TABLE I. IBFM wave function of the 3/2 state in%zr.

IBFM Expt.
Component Amplitude P
) B(E2;3/27 —1/2])(e’h?) 0.0034
|1/2,12;3/2 0.23 B(M1:3/2f —1/2})(u2) 0.0046 0.01708)
11213/3 7052 . v+ + 21.2
I97/2 2y g B(E2;7/2 —312)(e?h?) 0.0079 0.0036L)
P o (1120 () ~0.44
|g7/2'32j3/2 0 w(325) () +0.51 +0.426)
|g7:2’34f3/3 _(‘) 1 Q(3/2))(eb) -0.12
712y ’ -
|dayp,00:3/2 ~053 |(5/2) —7/2]) 0.07 not observed
|dap2,12:3/2 0.32 | (5/2f —1/2})
dayp,20;3/ 0.21
IdZZ 22-3/2 ~0.16 1552 —3/21) %0 0%

|day2,30;3/2 0.12 | (5127 —1/2)
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TABLE Ill. Contributions of various components of the wave
0.45 ; function to theg factor of the 3/ state of°%Zr.
(2
~ o040
o j ng | i’ ng |’ Contribution tog(3/2")
& 035 ]
£ 030t ) 21 5/2 2 4 5/2 2 4 0.011
o g25h o 712 1 2 72 1 2 0.027
020 ] 72 2 2 12 2 2 0.010
L 712 2 4 712 2 4 0.018
040 044 048 052 056 060 7/2 3 4 72 3 4 0.006
gs /gt 1/2 1 2 12 1 2 0.041
FIG. 2. Calculatedy factor of the 3/2 stat th h L2 Lozosz 12 0011
. 2. Calculatedy factor of the state versus the quench-
_ cu’ _ quench- 3 0 0 32 0 0O 0.130
ing factorgs/gs . The solid curves present results f¢a) gr= 3/2 1 o 12 1 2 0.011
—2.02;(b) gt=0. The dashed lines mark the experimeigtdactor 32 1 5 3o 1 ’ 0'043
with its error bars. '
3/2 2 0 3/2 2 0 0.020
overall interval. Furthermore, we note that this value of the3/2 2 2 32 2 2 0.010
free 3 0 3/2 3 0 0.007

quenching factogs/gg- - is similar to the one used in previ- 312
ous calculations for several nuclei in the= 100 region, like
%Ru and °Pd[6]. . _ other parametergg,g, ,g+) fixed as given by the parametri-

The value chosen here for the tensor interaction strengthation in Eq.(2). The solid line labeledb) presents the value

gr is somewhat smaller than the value used in the previousf g(3/2;) versusgs/g™®, without inclusion of the tensor

calculation for °/Sr [1]. We also note that the valugr~  term. From Fig. 2 it is clear that at present, one cannot un-
+0.ngsree is rather close to an overall estimate gf~ ambiguously determine the importance of the tensor term in
4-0_4ngree from Ref.[11]. the M1 operator, although it is clear that fgr=0 a better

In Table II, the calculated electromagnetic properties coragreement with the experimental value is obtained for the
responding to the above parametrization are compared to tiftire range ofjs/ ge°° values.
available data under the previously mentioned assumption In Table Ill we present the contributions to the calculated
for the spin and parity of the 575.4 keV level. The agreemeng(3/21+) from various components of the wave function. We
between the calculations and experiment for the few obserwsee that about 70% of the experimental value ofgtactor
ables for which we have data is within a factor of 2—3, whichis due to three matrix elements, thus supporting the above
can be considered as reasonable and in fact typical for IBFMontention that the 3j2 state has a predominantly spherical
calculations of electromagnetic observables in medium andharacter.
heavy nuclei. Now we discuss in some detail the structure of In conclusion, the IBFM provides a reasonable descrip-
the 3/Z° wave function and the value of its magnetic mo- tion of low-lying states of the transitiona®Zr nucleus. A
ment. The experimental value of tlgefactor isg(3/2))=  detailed comparison of the calculated value of the magnetic
+0.28(4)uy [2]. For the parametrization in E2) we ob- moment of the first excited state with a recently reported
tain in IBFM the valueg(3/2; )= +0.34. On the other hand, experimental value supports the expectation that this state
without the contribution from the tensor term in thdé1  has spherical character, in accordance with the conclusions
operator the calculated resultg¢3/2; ) = +0.22. Moreover, Of Pprevious works regarding shape coexistence in this
the calculated value aj(3/2}) is sizably dependent on the Nucleus.
value of the quenching fact(g"s/gfsree. This is shown in Fig. We wish to thank Dr. Gerard Lhersonneau for useful
2 by the solid line labeleda), by keeping the values of the comments and discussions.
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